Introduction: Studies report that mobility changes could be present in early stages of Alzheimer's disease (AD) or even in previous stages, such as mild cognitive impairment (MCI). The use of motor tests, involving dual task, could facilitate screening and differentiation between elderly with AD and MCI. Objective: to verify if gait tests associated with secondary tasks could differentiate elderly with AD and MCI. Methods: We conducted a systematic review in Pubmed, Web of Science, Medline and Scielo databases. Of the articles included, we collected information about year of the study, characteristics of the sample and the dual task test studied. Results: The databases were accessed during November 2014 and August 2015 and a total of 198 scientific papers was obtained. After reading first the summaries and then the full texts, five studies were inserted in the review. Elderly with AD presented a reduction of gait speed and stride length, using executive functions and countdown as secondary cognitive tasks. The type of MCI appears to influence the differentiation with AD. Conclusion: The review showed that some gait tests associated with a secondary task differentiate elderly with AD and MCI. It emphasizes the need of new studies involving this issue in order to obtain cut-off points and facilitate prevention, early diagnosis and observation of cognitive impairment's evolution in clinical practice of elderly.
Introduction
Alzheimer's disease (AD) is a chronic degenerative dementia that affects the central nervous system. Initially, there is loss of memory for recent events, and later changes in other cognitive functions, such as language and executive function, as well as in social and functional activities occur (1, 2) .
Mild Cognitive Impairment (MCI) is an intermediate state between normal aging and AD. The most common cognitive impairment is related to episodic memory, but people with MCI do not present functional deficit and may develop to AD or not (3, 4) . The prevalence of MCI varies between 3% and 19% among elderly people, depending on their age and educational level. The conversion rate of MCI to AD or other type of dementia ranges from 10 to 15% (5) .
Besides cognitive and functional changes, motor impairments can be found in people with AD (6) . Gait disturbances, such as reduced gait speed, stride length and stride width, can be seen in early stages of dementia or even in preclinical stages of AD (7, 8) . Moreover, about 60% of elderly people with cognitive impairment suffer twice more falls compared to elderly people with preserved cognition (9) . Such motor impairments can result in loss of independence and quality of life (10) .
Gait was considered as an automatic motor task in elderly people. However, Montero-Odasso et al. (11) suggested that this view is simplistic and, in fact, cognitive function has a central role in regulating gait. Cognitive control on gait becomes more evident in elderly people with cognitive impairment and during activities involving two tasks simultaneously (dual task).
In situations involving gait and a secondary task, both tasks interfere and compete for cortical brain resources. The lack of cortical control on stride adjustment has been associated with an increased risk of falls. The dual task is clinically relevant, because most daily activities include the simultaneous execution of two or more cognitive and motor tasks (11) . Gait associated with a cognitive task has been used to distinguish elderly people with preserved cognition, MCI and AD (11 -14) . However, there is a need to confirm if dual task tests can distinguish or not elderly people with MCI from AD, mainly in the mild phase of AD, as well as information about the type of cognitive task chosen, cut-off scores and validated tests.
In Brazil, there are some cognitive tools validated to screen dementia and to monitor its evolution, such as the Mini Mental State Examination (15) and the Addenbrooke's Cognitive Examination (16) . However, the use of motor tests involving dual task could facilitate the screening and the differentiation between elderly people with MCI and AD, mainly in the mild phase. Since MCI can revert to normal or stabilize, a better differentiation between these populations could facilitate prevention of dementia, early diagnosis and attendance of evolution in clinical practice (1) .
Therefore, the purpose of this study was to verify if tests involving gait associated with a secondary task could differ elderly people with MCI from AD.
Methods
A systematic review of national and international literature was conducted, without protocol registration, using articles in the electronic databases of Pubmed, Medline, Scielo and Web of Science. The review was done using the START software (version 2.3.3). Databases were accessed between November 2014 and August 2015.
As keywords, we used the following combination in Pubmed and Web of Science databases: "Mild Cognitive Impairment", ("Alzheimer Disease" or dementia), ("dual task" or gait or walking) and aged. For Medline and Scielo databases, the following combination of keywords was used: ("Mild Cognitive Impairment" or "comprometimento cognitivo leve"), ("Alzheimer Disease" or "Doença de Alzheimer" or dementia or demência), ("dual task" or "dupla tarefa" or gait or walking or marcha) and (aged or idoso).
Inclusion criteria were articles published between 2000 and 2015, articles involving dual task instruments, cross-sectional studies, English or Portuguese languages and presenting a MCI or AD medical diagnosis. Exclusion criteria were sample with a mean age under 60 years, dual task tests that did not assess gait, clinical trials, studies that did not aim to assess dual task instruments to differ elderly people with MCI from AD and animal studies.
Initially, a single researcher carried the first selection through summaries found in the search. After that, the second selection was carried out by two researchers, who read the full texts of the articles. In cases of disagreement among researchers about the acceptance of an article, it was judged by a third researcher and a consensus on its acceptance or rejection was done.
From articles included, information about year of study, characteristics of sample (mean age, number of subjects, type of population and medical diagnosis of MCI and AD) and dual task test used (type of task, procedures, validation, translation, reproducibility and cut-off score) were collected.
Results
A total of 198 articles was obtained in the search and, of these, 43 were duplicated. Specifically, 130 articles in Web of Science, 68 in PubMed and no article in Medline and Scielo databases were found. After the first selection by reading abstracts, 18 articles were selected. After the second selection by reading full text, there was conflict between researchers about the acceptance of only three studies. At the end, 13 articles were excluded and five articles were selected to this review, as shown on a flow diagram (Figure 1 ).
Among the five articles included, the publication years ranged from 2008 to 2012 and all texts were in English. Table 1 shows the main findings of included articles. Among studies included, 6-29 people per group were assessed and the mean age was between 71 and 78 years. Muir et al. (19) and Persad et al. (21) found differences in age between groups, ie, elderly people with AD were older. There were divergences between studies regarding gender. Two studies (18, 21) presented the same percentage between genders, while others presented a higher percentage of women (17) and men (21) (27) , in addition to a CDR score of 1.0 and a minimum MMSE score of 20 points (mild stage).
Muir et al. (19) defined MCI as elderly people with complaint subjective memory (expressed by the patient or family), objective memory disorder as shown in cognitive tests, absence of significant functional disorder and absence of clinical dementia (28) . For AD diagnosis, the same criteria of Maquet et al. (17) and a minimum MMSE score of 20 points (mild stage) were used.
Dual task test performed
Bruce-Keller et al. (20) used the GAITRite computerized gait analysis system to assess dual task. Gait was associated with a cognitive task of spelling five-letter words backward. There was a significant correlation between gait speed versus MMSE score, processing speed and executive function only in the Dementia Group. The MCI group showed a significant correlation between verbal fluency versus gait speed and stride length. These data are consistent with the potential of interaction between specific cognitive domains and the development of motor disturbances during the progression of dementia. The authors did not verify differences in the dual task performance between groups.
Persad et al. (21) studied walking trail-making tests associated with only numbers (N), numbers in ascending order with additional numbered distracters (A) and numbers and letters with alternated sequence (B). The volunteers were instructed to successfully step on sequential targets. All volunteers performed the N test firstly to ensure the comprehension of test procedures and then a randomization between A and B tests was done. If there was any mistake, the participant returned to the last correct answer without stopping the time. Participants wore patterned shoes and a belt to prevent falls. No difference between groups was found in N and A tests. The AD Group performed the B test with higher time than the amnestic MCI Group. The amnestic multipledomain MCI Group took more time to perform the B test than the amnestic MCI Group.
Maquet et al. (17) and Gillain et al. (18) used the dual task test involving gait and countdown, associated with the Locometrix triaxial acceleration sensor. Elderly people were instructed to wear their own shoes. Maquet et al. (17) found significant differences between elderly people with MCI and mild phase of AD in gait speed, ie, elderly people with AD presented worse performance. Furthermore, elderly people with AD performed the test with shorter stride length and regularity of step and more errors in the cognitive task.
In comparison to the procedures used by Maquet et al. (17), Gillain et al. (18) specified to start counting at 50, removed the acceleration and deceleration gait phases and performed also the Timed Up and Go test (TUGT) associated with countdown. The volunteers did not receive any instruction during tests. Elderly people with AD performed the TUGT dual task with higher time, number of stops and steps and worse qualitative evaluation compared to elderly people with MCI. Regarding the dual task test using the accelerometer, there were differences between groups in gait speed and elderly people with AD had worse stride length and regularity of step. No differences were found between groups in variations between dual task and single task performances.
Muir et al. (19) studied gait associated with three types of cognitive task (naming animals, countdown from 100 subtracting 1 and 7 each time) through the GAITRite electronic system. The test order was randomized, acceleration and deceleration phases were removed and no instruction was given during the test. There were no differences between MCI and AD.
With the exception of Bruce-Keller et al. (20) , all studies specified the performances of dual task tests at usual speed. Only Muir et al. (19) study reported that one familiarization was done and the tests had good reliability for MCI (29, 30) .
Discussion
The present systematic review verified if tests involving gait associated with a secondary task could differ elderly people with MCI from AD. Of the five studies selected, only one study did not inform if it was possible to differ the two populations (20) . Although Bruce-Keller et al. did not differ MCI from AD (20) , the authors brought relevant information about the relationship between specific cognitive domains and the development of motor impairments during the progression of dementia.
The knowledge about the relationship between specific cognitive functions and gait in elderly people with MCI is still limited. Some prospective studies verified that worse attention, executive function (31 -33) or memory performance (31, 34) may lead to a decline in gait speed among elderly people. In addition, a slow gait speed predicts deficits in cognitive processing speed (35) , executive function and memory (36) . Nevertheless, there is still no consensus about the relationship between gait variables and memory impairment (31, 35, 36) .
Three studies identified differences between MCI and AD, through tests involving gait associated with trail-making performance in an alternating numeric and alphabetic sequence (21) , countdown task (17) and countdown from fifty (18) . In special, Persad et al. (21) found that the trail-making performance could only differ elderly people with MCI from AD when the test was performed in an alternating numeric and alphabetic sequence (B test). Therefore, more complex tasks seem to present more differences between these two groups. One explanation for such behavior could be the increased demand for frontal lobe functions during dual task tests, especially executive function and attention, which are highly associated with gait (37) and more affected in elderly people with AD.
Beauchet et al. (38) reported that the type of cognitive task chosen in dual task tests can influence kinematic gait parameters. The verbal fluency task requires semantic memory, which may be not fully impaired in mild phase of AD (39) . On the other hand, the countdown task, which requires working memory, can bring more gait disturbances, because this cognitive function is impaired in early stages of AD (40). Beauchet et al. (38, 41) argued that the countdown is the secondary cognitive task that most changes kinematic gait parameters, but this influence was not seen in the study of Muir et al. (19) . The authors did not find differences between elderly people with MCI and AD in tasks involving gait associated with naming animals and countdown from 100 subtracting 1 and 7 each time. Therefore, there is no consensus in the literature about this subject.
Guidelines for prevention of falls recommend that people with MCI should be assessed and take part of evidence-based interventions currently available for elderly people without cognitive impairment (42) , as well as they should be submitted to an observational analysis of simple gait (43) . However, the risk of falls in people with MCI becomes underestimated in standard screening protocols, because relevant information becomes unnoticed, as demonstrated by Muir et al. (19) . In contrast to the current recommendation (42), people with MCI can not be grouped or assessed in the same manner as elderly people without cognitive impairment, due to gait disturbances associated with an increased risk of falling in people with AD and MCI.
The above statement is strengthened by the differences found in dual task and gait performances between elderly people with MCI and without cognitive impairment (12, 17, 18, 20, 21) . Although it was not the main focus of the present study, great changes in different cognitive tasks associated with gait were found in these populations.
Despite the interesting findings, it is important to pay attention to some limitations of the selected studies. In the study of Persard et al. (21) , elderly people with AD were older than the MCI Group, which makes it difficult to know if the worst performance in AD was because of cognitive impairment or natural aging changes. Bruce-Keller et al. (20) included different types of dementias in a same group studied, which present impairment in different cognitive domains. Still, Maquet et al. (17) did not describe the procedures used in the dual task test, which makes it difficult to reproduce in future investigations.
The present review has some limitations, including few articles selected, few studies using validated tests, number of people in the studies and lack of information about the diagnosis of MCI and AD. A general limitation of the selected studies was the small number of participants in each group, especially in the studies of Maquet et al. (17) and Gillain et al. (18) , as well as the lack of validation and cut-off scores of dual task during gait tests for elderly people with MCI and AD. Muir et al. (19) presented more details about the cognitive task and how reproduce it. It is suggested that the investigation about the secondary task performance, and not only about the gait performance, can bring important and subtle information that will help in prescribing preventive and rehabilitation interventions to these populations.
Conclusion
As conclusion, the review showed that tests involving gait associated with a task can differentiate elderly people with MCI from AD. However, it is still difficult to conclude what type of secondary cognitive task choose. More studies that differentiate elderly people with MCI from AD in mild phase using dual task tests, compare various secondary cognitive tasks, mainly involving countdown or executive function, and work with cut-off scores and validation tests are needed.
